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(57) ABSTRACT

An in-vehicle navigation apparatus to support sharing of elec-
tric vehicle charging point information such that other electric
vehicles can use a charging point where its own electric
vehicle is charged. If the in-vehicle navigation apparatus
determines that a current position is a charging point on the
basis of charge information about an electric vehicle, the
navigation apparatus determines whether the charging point
has public availability by referring to facility information,
such as facility positions in map data stored in a map data
storage unit. The in-vehicle navigation apparatus may trans-
mit charging points having public availability to a server
apparatus and not transmit the charging points having no
public availability to the server apparatus. Vehicles may
download charging points uploaded by other vehicles.
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IN-VEHICLE NAVIGATION IN
COLLABORATION WITH A SERVER

CLAIM OF PRIORITY

The present application claims priority under 35 U.S.C.
§119 to Japanese Patent Application No. 2010-256532, filed
Now. 17, 2010, entitled “In-vehicle navigation apparatus and
server apparatus.” The contents of this application are incor-
porated herein by reference in their entirety.

BACKGROUND

The present disclosure relates to in-vehicle navigation
apparatuses that detect the current positions of their own
vehicles to instruct drivers of the vehicles of routes (or, also
referred to as courses) to destinations and server apparatuses
communicating with the in-vehicle navigation apparatuses.

Electric vehicles (EVs) exist that receive a supply of the
electric power from batteries to drive with the power from
electric motors. In addition, plug-in hybrid vehicles exist that
receive primary power from electric motors and receive aux-
iliary power from engines. For purposes of the subject matter
disclosed herein, electric vehicles include, but are not limited
to, plug-in hybrid vehicles (PHVs) that receive auxiliary or
primary power from engines.

An electric vehicle may be provided with a power plug for
charging the vehicle. In such a case, the power plug may be
inserted into an outlet of a point where the battery is capable
of being charged (which may be referred to as a charging
point or charge point), such as a charging stand, in order to
charge the battery.

As charging points are being upgraded or newly installed it
may be important for drivers of electric vehicles having
shorter traveling distances (e.g., on pure electric modes of
operation of an electric vehicle in comparison to gasoline-
powered vehicles or gasoline hybrid vehicles) to know posi-
tional information about the charging points.

A charge point registering apparatus has been disclosed
that registers the current position of its own vehicle in a map
database of the own vehicle as a charge point when a state of
charge (SOC) value at stop is higher than a SOC value at
restart by a certain amount.

One point registering apparatus categorizes charging
points (e.g., sorts charging points according to charging
modes) on the basis of the charging frequency or the charging
time at each point where a battery is charged. That apparatus
can also register categorized charging points in a map data-
base of its own vehicle.

SUMMARY

The present disclosure relates to an in-vehicle navigation
apparatus and a server apparatus each including a charging
point register that registers charging points of vehicles in a
map data storage unit.

In some systems, a charge point registering apparatus or
point registering apparatus has charging points (which may
also bereferred to as charge points or charging stands) that are
registered in the map database of its own vehicle such that the
charging points are limitedly used by the own vehicle (for
example, the vehicle of which the point registering apparatus
is a part). To improve on this, the subject matter disclosed
herein includes a new in-vehicle navigation apparatus and a
new server apparatus capable of allowing other vehicles to
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2

use charging points where its own vehicle is charged while
avoiding use of private charging points including private
houses by the other vehicles.

According to an embodiment of the present disclosure, an
in-vehicle navigation apparatus includes a map data storage
unit configured to store map data; a current position detecting
unit configured to detect a current position of its own vehicle;
a charging point determining unit configured to determine
whether the current position detected by the current position
detecting unit is a charging point on the basis of charge
information on the own vehicle; a charging point registering
unit configured to register the charging point determined by
the current position detecting unit and a charging point
received from an external server apparatus in the map data
storage unit; a transmission necessity determining unit con-
figured to determine necessity for transmission of the charg-
ing point determined by the charging point determining unit
to the server apparatus; and a communicating unit configured
to transmit the charging point determined to have the neces-
sity for transmission by the transmission necessity determin-
ing unit to the server apparatus and receive a charging point
from the server apparatus. The transmission necessity deter-
mining unit determines the presence of public availability of
the charging point by referring to the map data and determines
that the charging point having the public availability has the
necessity for transmission.

In the in-vehicle navigation apparatus, if the current posi-
tion is determined to be a charging point on the basis of the
charge information on its own vehicle, it may be determined
whether the charging point has public availability by referring
to the map data. The charging point determined to have public
availability may be transmitted to the server apparatus and the
charging point determined not to have public availability is
not transmitted to the server apparatus. Accordingly, it might
be possible to avoid use of the private charging points includ-
ing personal houses by other vehicles.

According to another embodiment of the present disclo-
sure, a server apparatus includes a map data storage unit
configured to store map data; a communicating unit config-
ured to receive a charging point from an in-vehicle navigation
apparatus and transmit a charging point to the in-vehicle
navigation apparatus; a registration necessity determining
unit configured to determine necessity for registration of the
charging point received from the in-vehicle navigation appa-
ratus in the map data storage unit; and a charging point reg-
istering unit configured to register the charging point deter-
mined to have the necessity for registration by the registration
necessity determining unit in the map data storage unit. The
registration necessity determining unit determines the pres-
ence of public availability of the charging point by referring to
the map data and determines that the charging point having
public availability has a necessity for registration.

Inthe server apparatus, the registration necessity determin-
ing unit may determine whether the charging point received
from the in-vehicle navigation apparatus has necessity for
registration in the map data storage unit on the basis of the
presence of public availability of the charging point deter-
mined by referring to the map data. Accordingly, it might be
possible for its own vehicle to use the charging points where
other vehicles are charged and which has the public availabil-
ity while avoiding use of the private charging points including
personal houses by the other vehicles.

In the in-vehicle navigation apparatus, the map data in the
map data storage unit may include facility information, and
the transmission necessity determining unit may refer to the
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facility information in the map data to determine that the
charging point has public availability if a facility exists near
the charging point.

The transmission necessity determining unit in the in-ve-
hicle navigation apparatus may refer to the facility informa-
tion in the map data to determine that the charging point has
public availability if a facility exists near the charging point.
Accordingly, it might be possible for its own vehicle to use the
charging points, near which facilities exist, which has public
availability, and where other vehicles are charged, while
avoiding use of private charging points including personal
houses, near which no facility exists and which has no public
availability, by the other vehicles.

In the server apparatus, the map data in the map data
storage unit may include facility information, and the regis-
tration necessity determining unit may refer to the facility
information in the map data to determine that the charging
point has public availability if a facility exists near the charg-
ing point.

The registration necessity determining unit in the server
apparatus may refer to the facility information in the map data
to determine that the charging point has public availability if
a facility exists near the charging point. Accordingly, it might
be possible for its own vehicle to use the charging points, near
which facilities exist, which has public availability, and where
other vehicles are charged, while avoiding use of private
charging points including personal houses, near which no
facility exists and which has no public availability, by the
other vehicles.

In the above embodiments, the charging point may be a
point for electrically charging an electric vehicle. A charging
point registering unit may refer to facility information in map
data to determine that a current position is a public charging
point if a facility does exists near the charging point and
otherwise determine the current position is a private charging
point. A charging point registering unit may register public
charging points in a registry of public charging points and
separately register private charging points in a registry of
private charging points.

A charging point determining unit may be configured to
compare a current state of charge of the vehicle with a previ-
ous state of charge of a vehicle to determine that a current
position is a charging point if the current state of charge is
greater than the previous state of charge by at least a certain
threshold. A charging point determining unit may be config-
ured to determine a charging rate of a charging point by
comparing a current state of charge with a previous state of
charge and taking into account time passed between the cur-
rent state of charge and the previous state of charge. A server
might not register private charging points.

Embodiments of the present disclosure may include com-
puter program products that include one or more instructions
to cause one or more processors to perform operations. The
operations may include detecting a current position of a
vehicle, determining whether the current position is a fueling
point on the basis of fueling information of the vehicle, reg-
istering the current position as a fueling point in a fueling
point register associated with map data if the current position
is determined to be a fueling point, and transmitting the
current position to a server computer if the current position is
determined to be a fueling point.

Determining whether a current position is a fueling point
may include determining whether the vehicle has had an
increase in fuel, and determining that if the vehicle has had an
increase in fuel the current position is a fueling point.

Determining whether a current position is a fueling point
may include determining whether the current position is a
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public fueling point. Determining whether a current position
is a public fueling point may include referencing map data to
determine if the current location is a public location, and
determining that if the current position is a public location and
the vehicle is at a fueling point that the current position is a
public fueling point.

Registering a current position as a fueling point in a fueling
point register associated with map data may include register-
ing the current position in atable of public fueling points if the
current position is a public fueling point and registering the
current position in a table of private fueling points if the
current position is a private fueling point. Fueling points
received from a server computer may be registered (e.g., in an
in-car navigation system).

Determining whether a current position is a public fueling
point may include determining a current position is a public
fueling point if a facility exists near the current position.
Determining a fueling rate of a fueling point may be per-
formed by comparing a current state of fuel with a previous
state of fuel and taking into account time passed between the
current state of fuel and the previous state of fuel.

According to the present disclosure, it is possible to allow
other vehicles to use charging points, where its own vehicle is
charged and which has public availability, while avoiding use
of'private charging points, such as private houses, by the other
vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a navigation system
including an in-vehicle navigation apparatus.

FIG. 2 is a block diagram illustrating an example of a
detailed configuration of the navigation system illustrated in
FIG. 1.

FIG. 3 is a first flowchart illustrating an operational process
performed by the in-vehicle navigation apparatus illustrated
in FIG. 2.

FIG. 4 is a second flowchart illustrating the operational
process performed by the in-vehicle navigation apparatus
illustrated in FIG. 2.

FIG. 5 is a third flowchart illustrating the operational pro-
cess performed by the in-vehicle navigation apparatus illus-
trated in FIG. 2.

FIG. 6 is a fourth flowchart illustrating the operational
process performed by the in-vehicle navigation apparatus
illustrated in FIG. 2.

FIG. 7 schematically illustrates a navigation system
including a server apparatus according to another embodi-
ment.

FIG. 8 is a block diagram illustrating an example of a
detailed configuration of the navigation system illustrated in
FIG. 7.

FIG. 9 is a flowchart illustrating an operational process
performed by an in-vehicle navigation apparatus illustrated in
FIG. 8.

FIG. 10 is a flowchart illustrating an operational process
performed by the server apparatus illustrated in FIG. 8.

DETAILED DESCRIPTION

In-vehicle navigation apparatuses and server apparatuses
according to embodiments of the present disclosure will be
described with reference to the attached drawings.

FIG. 1 schematically illustrates a navigation system 10
including a server apparatus 12 and an in-vehicle navigation
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apparatus (hereinafter also referred to as a navigation appa-
ratus) 18 according to an embodiment of the present disclo-
sure.

The navigation system 10 includes the server apparatus 12
provided in an information center 14 and the respective navi-
gation apparatuses 18 mounted in multiple electric vehicles
16. As used herein, an electric vehicle may be a vehicle whose
power is solely provided by batteries, a plug-in hybrid electric
vehicle (e.g., a hybrid vehicle using a combination of a gaso-
line engine, diesel engine or other fossil-fuel based engine,
and an electric motor to provide power to the powertrain of a
vehicle), a plug-in fuel cell vehicle, or any other vehicle
having the ability to have a power source charged electrically.

In the navigation system 10, for example, map data may be
distributed from the server apparatus 12 to the navigation
apparatuses 18 in the electric vehicles 16, and traveling data
about the electric vehicles 16 may be provided to the server
apparatus 12. For example, information about streets and
points of interest may be sent from the server apparatus 12 to
the navigation apparatuses 18. As another example, traveling
data about each electric vehicle 16 may be transmitted to the
server apparatus 12 where the data is subjected to statistical
processing and traffic information, such as traffic jam infor-
mation, is used among the electric vehicles 16 having the
navigation apparatuses 18 mounted therein. The information
center 14 communicates with each electric vehicle 16 over,
for example, a mobile communication network, such as a
CDMA (Code Division Multiple Access)-based network.

The electric vehicles 16 include plug-in hybrid vehicles,
so-called PHV or PHEV automobiles, which receive supply
of the electric power from in-vehicle batteries to drive with
the power from electric motors and auxiliary power from
engines (not shown), in addition to the battery electric
vehicles (EVs), which receive supply of the electric power
from in-vehicle batteries to drive with the power from electric
motors (not shown).

FIG. 2 is a block diagram illustrating an example of a
detailed configuration of the navigation system 10 including
the in-vehicle navigation apparatus 18.

In the navigation system 10, the server apparatus 12
includes a map data storage unit 20 storing map data includ-
ing a road map and a control unit 22.

The control unit 22 in the server apparatus 12 includes, for
example, a microcomputer and a digital signal processor
(DSP) and also operates as a function realizing unit in which
a central processing unit (CPU) executes programs stored in
a memory, such as a read only memory (ROM), on the basis
of various inputs to realize various functions. In the present
embodiment, the control unit 22 functions as, for example, a
charging point register 26, a charging point distributor 28, and
a communicator 30 described in detail below.

The navigation apparatus 18 in the navigation system 10
includes a map data storage unit 32 that stores map data
including a road map, a global positioning system (GPS) unit
34 (a current-position detecting unit) that detects the current
position (latitude and longitude information) of the electric
vehicle 16 (its own vehicle), and a control unit (a navigation
electronic control unit (ECU)) 36.

The navigation ECU 36 includes, for example, a micro-
computer and a DSP and also operates as a function realizing
unit in which a CPU executes programs stored in a memory,
such as a ROM, on the basis of various inputs to realize
various functions. In the present embodiment, the navigation
ECU 36 functions as, for example, a charging point deter-
miner 38, a charging point register 40, a transmission neces-
sity determiner 42, and acommunicator 44 described in detail
below.
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In addition to the GPS unit 34 and the charging point
register 40, a main switch 46, a speed sensor 48, a battery
monitor 50, a calendar-clock 52 (a year-month-date-time
generator), and the map data storage unit 32 are connected to
the charging point determiner 38.

The main switch 46 may be an ignition switch of a vehicle.
In response to an operation to turn on the main switch 46, the
battery 100 is capable of supplying power to an electric motor
(not shown) and the electric vehicle 16 is in a ready-to-travel
state or in a traveling state. In response to an operation to turn
off the main switch 46, the supply of power from the battery
to the electric motor is blocked and the electric vehicle 16 is
in a stop state.

When the main switch 46 is turned off, the battery monitor
50 sets a state in which the charging is available. During the
charge available state, a charge plug (not shown) of the elec-
tric vehicle 16 is inserted into an outlet of a charging stand in
order to charge the battery.

The speed sensor 48 detects the speed of the electric
vehicle 16. The battery monitor 50 is provided between the
on-vehicle load, including the electric motor, and the battery
100. The battery monitor 50 has known functions including
calculation of the amount of consumption and the remaining
electric charge (SOC or “state of charge”) in the battery 100
and detection of the amount of full charge in the battery 100
when the charge plug is inserted into an outlet of a charging
stand and the battery 100 is charged.

The calendar-clock 52 generates data about a year, month,
date, and time.

The map data storage unit 32 has facility information
(which may also be referred to as point of interest informa-
tion) recorded thereon, in addition to road map data including
the location of the house of a user, such as a driver, which has
been registered in advance by the user. In the present embodi-
ment, the facility information includes information indicating
the genres, names, and position information (latitude and
longitude information) of public facilities, such as parking
areas and service areas on expressways, parking spaces of
city and town offices, parking spaces of public gymnasiums,
parking spaces of parks, parking spaces of auto supply stores,
service stations, parking spaces of shopping centers, parking
spaces of shopping malls, parking spaces of drug stores, and
automatic parking spaces.

In addition, a genre of “charging stand” may be part of the
facility information. Charging stands may be categorized into
(or, have the types of) private charging stands (also referred to
as personal charging stands) located at, for example, house of
a user or houses of friends of the users, which have no public
nature (or, in other words, no public availability), and public
charging stands, such as the parking areas and the service
areas on expressways, which have public availability. Charg-
ing stands may also have information indicating a type of
charging stand, such as a rapid charging type charging stand,
a 200-volt charging stand (200 V), and a 100-volt charging
stand (100 V). Alternative charging types may exist and such
types may vary depending on an electricity system used by a
region or types of charging equipment used by a local market.
For example, in the United States, the charging types may
include rapid charging stands that charge at 480 volts, 240
volt charging stands, and 120 volt charging stands.

The map data storage unit 32 stores, as the facility infor-
mation, a private charging stand table (also referred to as a
personal charging stand table) 56, which is a list of private
charging stands, and a public charging stand table 58, which
is a list of public charging stands. The private charging stand
table 56 and the public charging stand table 58 are updated
with new information in a manner described below. The posi-
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tions of houses of users might not be included in the private
charging stand table 56. This may be due to the owners or the
likes of the electric vehicles 16 recognizing that they have the
charging stands at their houses, such that it would be unnec-
essary to include their house as part of the private charging
table 56. In some implementations, the position of houses of
auser may be included in the private charging stand table 56.

The map data storage unit 20 in the server apparatus 12
stores a public charging stand table 60, which is updated with
new information.

Operations of the in-vehicle navigation apparatus 18
according to the present embodiment, which may have the
above configuration, will now be described in detail with
reference to flowcharts involved in the navigation apparatus
18 in FIGS. 3 to 6.

Referring to FIG. 3, in Step 51, the charging point deter-
miner 38 monitors turning-off of the main switch 46. If the
charging point determiner 38 detects that the main switch 46
is turned off (YES in Step S1), in Step S2, the charging point
determiner 38 stores the current position (which may be indi-
cated by latitude and longitude) detected by the GPS unit 34
in association with the current remaining electric charge
detected by the battery monitor 50 in a memory (also referred
to as a storage unit). The current position stored in the
memory is called a stored current position and the current
remaining electric charge stored in the memory is called a
stored remaining electric charge. In Step S3, the charging
point determiner 38 refers to the calendar-clock 52 to store the
year, month, date, and time at the storage in association with
the stored remaining electric charge and the stored current
position.

Referring to FIG. 4, in Step S11, the charging point deter-
miner 38 monitors turning-on of the main switch 46. If the
charging point determiner 38 detects that the main switch 46
is turned on (YES in Step S11), in Step S12, the charging
point determiner 38 detects the current position (latitude and
longitude) from the GPS unit 34 and determines whether the
current position when the main switch 46 is turned on coin-
cides with the stored current position when the main switch
46 is turned off in Step S1.

If'the current position when the main switch 46 is turned on
coincides with the stored current position when the main
switch 46 is turned off in Step S1 (YES in Step S12), in Step
S13, the charging point determiner 38 determines whether the
difference resulting from subtraction of the stored remaining
electric charge from the current remaining electric charge is
larger than an amount-of-charge threshold value on the basis
of the stored remaining electric charge and the current
remaining electric charge detected by the battery monitor 50.
The amount-of-charge threshold value is used to determine
whether the battery 100 is charged while the main switch 46
is turned off

Ifthe above difference, that is, the current amount of charge
is larger than the amount-of-charge threshold value (YES in
Step S13), the charging point determiner 38 stores the current
position detected in Step S12 in the memory as a charging
point registration candidate position (a charging point candi-
date position). In other words, the charging point determiner
38 stores the current position in the memory as the charging
point registration candidate position after the charging point
determiner 38 confirms that the position of the electric vehicle
16 is not varied (YES in Step S12) and that the battery 100 is
charged (YES in Step S13) when the main switch 46 is turned
on (YES in Step S11).

In Step S14, the charging point determiner 38 determines
whether the charging point registration candidate position is
registered (stored) in the private charging stand table 56 or the
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public charging stand table 58 in the map data storage unit 32,
that is, is registered as a charging point.

If the charging point registration candidate position is not
registered as a charging point (NO in Step S14), in Step S15,
the charging point determiner 38 performs a process of iden-
tifying the type of a charger involved in the charge.

FIG. 5 is a flowchart illustrating in detail the process of
identifying the type of the charger, performed by the charging
point determiner 38 in Step S15.

In Step S15a, the charging point determiner 38 calculates a
charge speed referred to as [ Ah/h], which may be the amount
of charge per unit time, according to Equation (1):

Charge speed=(current remaining electric charge—
stored remaining electric charge)/(current time—
time at storage)

M

In Step S156, the charging point determiner 38 determines
that the charger type at the charging point registration candi-
date position is a rapid charger if the charge speed [Ah/h] is
higher than a certain charge speed threshold value and deter-
mines that the charger type at the charging point registration
candidate position is a 200-V normal charger or a 100-V
normal charger on the basis of the voltage applied to the
charge plug if the charge speed [Ah/h] is not higher than the
certain charge speed threshold value. The charging point
determiner 38 stores the result of the determination in the
memory.

Referring back to FIG. 4, in Step S16, the charging point
register 40 registers (stores) the charging point registration
candidate position involved in the combination of the charger
type stored in the memory and the current position of the
charging stand in the private charging stand table 56 or the
public charging stand table 58 on the basis of the result of a
process of determining the necessity for uploading (which
may also be referred to as a process of determining the neces-
sity for transmission to the server apparatus 12) performed in
the transmission necessity determiner 42 described in a
detailed flowchart in Step S16.

FIG. 6 is a flowchart illustrating in detail the process of
registering the charging point in Step S16.

In the process of determining the necessity for uploading,
specifically, in Step S16q, the transmission necessity deter-
miner 42 determines whether the charging point registration
candidate position involved in the combination of the charger
type stored in the memory and the current position of the
charging stand has public availability.

The presence of public availability is determined by refer-
ring to the map data storage unit 32 on the basis of the current
position in the combination of the charger type stored in the
memory and the current position of the charging stand (the
charging point registration candidate position) to determine
whether facility information (for example, the information
about the parking areas and the service areas on expressways)
exists near the current position (including the current posi-
tion). If facility information does not exist near the current
position (NO in Step S164), in Step S165, the charging point
register 40 determines that the charging point registration
candidate position indicates the position of a charging stand
that is only personally or privately available, such as the house
of a friend or an acquaintance of the user, and registers
(stores) the charging point registration candidate position in
the private charging stand table 56. In variations, the deter-
mination may be made as to whether facility information
indicates a public facility exists near the current position
rather than any facility information. For example, some facil-
ity information may indicate a private location while other
facility information may indicate a public location. Following
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that example, a private road or series of private roads near a
current position may indicate that a current location is repre-
sentative of a private charging stand location. As another
example, a restricted area, such as a military base may indi-
cate a location is not available to the general public and
therefore not public in the sense that it should be part of the
public charging stand table.

If facility information exists near the current position, the
transmission necessity determiner 42 determines in Step
S16a that the charging point registration candidate position
has public availability (YES in Step S16a) and, in Step S16c¢,
the charging point register 40 registers the charging point
registration candidate position in the public charging stand
table 58 as a charging point having public availability.

In Step S16d, the communicator 44 uploads the registered
charging point having public availability.

Specifically, in the uploading in Step S16d, the transmis-
sion necessity determiner 42 transmits the charging point that
is registered in the public charging stand table 58 and that has
public availability to the server apparatus 12 via the commu-
nicator 44.

The charging point register 26 in the server apparatus 12,
which receives the charging point having public availability
via the communicator 30 in the server apparatus 12, registers
(stores) the charging point having public availability in the
public charging stand table 60 in the map data storage unit 20.

Since the uploading in Step S16d is a process of transmit-
ting data from the communicator 44 in the navigation appa-
ratus 18 to the communicator 30 in the server apparatus 12 via
a mobile communication network (not shown), a communi-
cation cost generally occurs. Accordingly, in some imple-
mentations, it might be desirable in terms cost that a registra-
tion of a current position (the charging point registration
candidate position) in the server apparatus 12 as a charging
point in Step S16 (refer to FIG. 4) be performed in conjunc-
tion with acquisition of traffic information or the like from the
server apparatus 12.

The charging point distributor 28 in the server apparatus 12
distributes the charging point (position data about the charg-
ing stand with the charger type and a mark indicating the
charging stand) in the public charging stand table 60 to the
electric vehicle 16 via the communicator 30 when a new
charging point having the public availability is registered in
the public charging stand table 60 or when a request to dis-
tribute the charging points having public availability is sub-
mitted from the navigation apparatus 18 in the electric vehicle
16.

As described above, when the charging point determiner
38 determines that the current position is a charging point on
the basis of the charge information about the electric vehicle
16, the in-vehicle navigation apparatus 18 according to the
present embodiment determines whether the charging point
has public availability by referring to the facility information
(facility position) in the map data stored in the map data
storage unit 32. As the result of the determination, since the
in-vehicle navigation apparatus 18 transmits the charging
point having public availability to the server apparatus 12 and
does not transmit the charging point having no public avail-
ability to the server apparatus 12, it may be possible to avoid
use of the private charging points including personal houses
by other vehicles.

In addition, since the transmission necessity determiner 42
in the navigation apparatus 18 refers to the facility informa-
tion in the map data stored in the map data storage unit 32 to
determine that the charging point has public availability if a
facility exists near the charging point, it may be possible for
the electric vehicle 16 to use the charging points where other
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vehicles are charged and which have public availability while
avoiding use of the private charging points such as personal
houses of other vehicles.

As described above, the facility information includes infor-
mation about, for example, parking areas and service areas on
expressways, parking spaces of city and town offices, parking
spaces of public gymnasiums, parking spaces of parks, park-
ing spaces of auto supply stores, service stations, parking
spaces of shopping centers, parking spaces of shopping malls,
parking spaces of drug stores, and automatic parking spaces.

A server apparatus according to another embodiment of the
present disclosure will now be described. The same reference
numerals are used in the drawings described below to identify
the same components illustrated in the navigation system 10
described above for convenience, and a detailed description
of such components is omitted herein. An alphabet “A” is
added to reference numerals denoting components similar to
the ones in the navigation system 10 described above, and
such components having the alphabet “A” are described in a
non-redundant manner.

FIG. 7 schematically illustrates a navigation system 10A
including a navigation apparatus 18A and a server apparatus
12A.

FIG. 8 is a block diagram illustrating an example of a
detailed configuration of the navigation system 10A includ-
ing the server apparatus 12A. The navigation apparatus 18A
in the example in FIG. 8 differs from the navigation apparatus
18 in FIG. 2 in that the navigation apparatus 18A includes a
navigation ECU 36A that does not include the transmission
necessity determiner 42. The server apparatus 12A in FIG. 8
differs from the server apparatus 12 in FIG. 2 in that the server
apparatus 12A includes a control unit 22A having a registra-
tion necessity determiner 24 added thereto.

As illustrated in a simplified flowchart in FIG. 9, operations
in Steps S1 to S3 and Steps S11 to S15 in the navigation
apparatus 18A are the same as the operations in the navigation
apparatus 18.

Briefly, if the main switch 46 is turned off (YES in Step S1),
in Steps S2 and S3, the navigation ECU 36 A stores the current
position and the current remaining electric charge in the
memory in association with the year, month, date, and time.

Ifthe main switch 46 is turned on (YES in Step S11) and the
current position when the main switch 46 is turned on coin-
cides with the current position when the main switch 46 is
turned off (YES in Step S12), the navigation ECU 36A deter-
mines whether the battery 100 is charged on the basis of the
remaining electric charge when the main switch 46 is turned
off and the current remaining electric charge. If the current
amount of charge is larger than the amount-of-charge thresh-
old value (YES in Step S13), the navigation ECU 36 A stores
the current position when the main switch 46 is turned on in
the memory as a charging point registration candidate posi-
tion.

If the charging point registration candidate position is not
registered (stored) in the private charging stand table 56 or the
public charging stand table 58 in the map data storage unit 32,
that is, the charging point registration candidate position is
not registered as a charging point (NO in Step S14), the
navigation ECU 36A performs the identification of the
charger type involved in the current charge (Step S15), deter-
mines the charger type: for example, rapid charger, 200-V
normal charger, or 100-V normal charger, and stores the
determined charger type in the memory.

In Step S21, the charging point register 40 in the navigation
ECU 36A transmits the charging point registration candidate
position with the charging stand type stored in the memory to
the server apparatus 12A via the communicator 44.
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FIG. 10 is a flowchart illustrating an example of an opera-
tion in the server apparatus 12A according to the present
embodiment.

Referring to FIG. 10, in Step S31, the registration necessity
determiner 24 in the server apparatus 12A determines
whether information about the same charging point with the
charging stand type is transmitted (uploaded) from the mul-
tiple navigation apparatuses 18A (the electric vehicles 16A).
If the determination in Step S31 is affirmative (YES in Step
S31), in Step S32, the registration necessity determiner 24
determines whether the charging point with the charging
stand type has public availability.

Also in this case, the presence of public availability is
determined by referring to the map data storage unit 32 for the
charging point with the charging stand type to determine
whether facility information (for example, the information
about the parking areas and the service areas on expressways)
exists near the current position (including the current posi-
tion). If facility information exists near the current position,
the registration necessity determiner 24 determines that the
charging point with the charging stand type has public avail-
ability (YES in Step S32). In Step S33, the charging point
register 26 registers the charging point with the charging
stand type in the public charging stand table 60 as a charging
point having public availability (updates the public charging
stand table 60).

In Step S34, the charging point distributor 28 distributes
the charging point (positional data about the charging stand
with the charger type and a mark indicating the charging
stand) in the public charging stand table 60 to the electric
vehicle 16A via the communicator 30 when a new charging
point having public availability is registered in the public
charging stand table 60 or when a request to distribute the
charging points having public availability is submitted from
the navigation apparatus 18A in the electric vehicle 16A.

The charging point register 40 registers the charging point
having public availability, which is distributed from the server
apparatus 12A via the communicator 44 in the navigation
apparatus 18 A inthe electric vehicle 16A, in the public charg-
ing stand table 58 of its own vehicle along with a mark (a
public charging stand mark) indicating that the charging point
has public availability for subsequent use.

As described above, in the server apparatus 12A according
to the present embodiment, the registration necessity deter-
miner 24 refers to the facility information in the map data
stored in the map data storage unit 20 for the charging point
received from the electric vehicle 16 A, determines that the
charging point has public availability if a facility exists near
the charging point, registers the charging point having public
availability in the public charging stand table 60, and distrib-
utes the charging point to the navigation apparatus 18A in the
electric vehicle 16 A. Accordingly, it is possible for the elec-
tric vehicle 16A to use the charging points where the electric
vehicle 16A is charged and which has public availability
while avoiding use of the private charging points including
personal houses by the electric vehicle 16A.

The features described can be implemented in digital elec-
tronic circuitry, or in computer hardware, firmware, software,
or in combinations of them. The apparatus can be imple-
mented in a computer program product tangibly embodied in
an information carrier, e.g., in a machine-readable storage
device or otherwise in a computer-readable media, for execu-
tion by a programmable processor; and methods can be per-
formed by a programmable processor executing a program of
instructions to perform functions of the described implemen-
tations by operating on input data and generating output. The
described features can be implemented advantageously in
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one or more computer programs that are executable on a
programmable system including at least one programmable
processor coupled to receive data and instructions from, and
to transmit data and instructions to, a data storage system, at
least one input device, and at least one output device. A
computer program is a set of instructions that can be used,
directly or indirectly, in a computer to perform a certain
activity or bring about a certain result. A computer program
can be written in any form of programming language, includ-
ing compiled or interpreted languages, and it can be deployed
in any form, including as a stand-alone program or as a
module, component, subroutine, or other unit suitable for use
in a computing environment.

Suitable processors for the execution of a program of
instructions include, by way of example, both general and
special purpose microprocessors, and the sole processor or
one of multiple processors of any kind of computer. Gener-
ally, a processor will receive instructions and data from a
read-only memory or a random access memory or both. Ele-
ments of a computer may be a processor for executing instruc-
tions and one or more memories for storing instructions and
data. A computer may also include, or be operatively coupled
to communicate with, one or more mass storage devices for
storing data files; such devices include magnetic disks, such
as internal hard disks and removable disks (e.g., magneto-
optical disks, optical disks, solid-state disks, and the like).
Storage devices suitable for tangibly embodying computer
program instructions and data include all forms of non-vola-
tile memory, including by way of example semiconductor
memory devices, such as EPROM (erasable programmable
read only memory), EEPROM (electrically erasable pro-
grammable read only memory), and flash memory devices;
magnetic disks such as internal hard disks and removable
disks; magneto-optical disks; and CD-ROM (compact disc
read only memory) and DVD-ROM (digital versatile disc
read only memory) disks. The processor and the memory can
be supplemented by, or incorporated in, ASICs (application-
specific integrated circuits).

To provide for interaction with a user, the features can be
implemented on a computer having a display device such as a
CRT (cathoderay tube), LCD (liquid crystal display), or other
type of monitor for displaying information to the user and a
keyboard and a pointing device such as a mouse or a trackball
by which the user can provide input to the computer. Other
input devices may include a joystick-type device, a touch-
screen display, hard buttons (e.g., physical buttons tied to one
or more operations), and/or soft buttons (e.g., physical but-
tons that depend on a context in which a program is running).

The features can be implemented in a computer system that
includes a back-end component, such as a data server, or that
includes a middleware component, such as an application
server or an Internet server, or that includes a front-end com-
ponent, such as a client computer having a graphical user
interface or an Internet browser, or any combination of them.
The components of the system can be connected by any form
or medium of digital data communication such as a commu-
nication network. Examples of communication networks
include, e.g., a LAN (local area network), a WAN (wide area
network), and the computers and networks forming the Inter-
net. Communication networks may use various technologies
for wired and wireless communications, such as CDMA
(Code Division Multiple Access), LTE (Long Term Evolu-
tion), IEEE (Institute of Electrical and Electronics Engineers)
802.11 standards, and the like.

The computer system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a network, such as the described



US 9,091,563 B2

13

one. A server may also be referred as being “external” to a
client. For example, by the server being part of a separate
apparatus from a client. The relationship of client and server
arises by virtue of computer programs running on the respec-
tive computers and having a client-server relationship to each
other. In the case of the navigation systems described above,
the navigation apparatus of a vehicle may be a client to the
server.

In the navigation apparatus 18 and the server apparatus
12 A according to the above embodiments, although the deter-
mination of the charging point is performed by the charging
point determiner 38 in the navigation ECU 36 and the navi-
gation ECU 36A, the present disclosure is not limited to the
above embodiments and various configurations may be real-
ized on the basis of the content of description in this specifi-
cation. For example, the current position and the remaining
electric charge may be transmitted from the navigation appa-
ratus to the server apparatus when the main switch 46 is
turned off and the current position and the remaining electric
charge may also be transmitted from the navigation apparatus
to the server apparatus when the main switch 46 is turned on,
and the server apparatus may determine whether the current
position is a charging point, may determine the charger type
if the current position is a charging point, and may determine
whether the charging point has public availability. As another
example, while the disclosure has been described with refer-
ences to variations of electric charging systems for vehicles,
the techniques disclosed may be relevant to other distributed
and/or growing fueling systems, such hydrogen fueling, natu-
ral gas fueling, and the like. For example, new publicly avail-
able natural gas fueling stations may be uploaded to a server
from a vehicle’s navigation system of a natural gas vehicle
and downloaded to other natural gas vehicles. As another
example, while the disclosure has been described with refer-
ence to plug-in electric charging technologies, the techniques
of the disclosure may be applied to other charging technolo-
gies such as inductive charging. As another example, while
the process of FIG. 5 in combination with equation 1 is shown
to indicate one way to determine a type of charger, there may
be other ways to determine a type of charger. For example,
one type of charger may identify itself through an electronic
signal. As another example, based on a type of connection
made with a charging device (e.g., a type of plug used), a type
of charger may be determined. As another example, a type of
charger may be determined by waking up the system during
charging and determining a charging rate. While specific
implementations of systems have been described with spe-
cific flow charts or processes, variations may use different
systems and/or processes. For example, a navigation system
varying from the navigation system 10 described above may
beused with processes similar to the processes described with
reference to FIGS. 3-6.

What is claimed is:

1. An in-vehicle navigation apparatus comprising:

a map data storage unit configured to store map data, the
map data comprising facility information;

a current position detecting unit configured to detect a
current position of a vehicle associated with the in-
vehicle navigation apparatus;

a charging point determining unit configured to determine
whether the current position detected by the current
position detecting unit is a charging point on the basis of
charge information on the vehicle;

a charging point registering unit configured to:
register the charging point determined by the current

position detecting unit, the charging point determined
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by the current position detecting unit as previously
notregistered as the charging point with the in-vehicle
navigation apparatus and

register a server-sourced charging point received from a
server apparatus external from the in-vehicle naviga-
tion apparatus in the map data storage unit;

a transmission necessity determining unit configured to
determine necessity for transmission of the charging
point determined by the charging point determining unit
to the server apparatus; and

a communicating unit configured to transmit the charging
point determined to have the necessity for transmission
by the transmission necessity determining unit to the
server apparatus and receive the server-sourced charging
point from the server apparatus,

wherein the transmission necessity determining unit deter-
mines the presence of public availability of the charging
point by referring to the facility information in the map
data to determine that the charging point has the public
availability instead of private availability if a facility
exists near the charging point, and the transmission
necessity determining unit determines that the charging
point having the public availability has the necessity for
transmission.

2. The in-vehicle navigation apparatus according to claim

15

wherein the transmission necessity determining unit refers
to the facility information in the map data to determine
that the charging point does not have the public avail-
ability if the facility does not exist near the charging
point.

3. The in-vehicle navigation apparatus according to claim

1, wherein the charging point is a point for electrically charg-
ing an electric vehicle.

4. The in-vehicle navigation apparatus according to claim
15

wherein the charging point registering unit refers to the
facility information in the map data to determine that the
current position is a public charging point if the facility
does exists near the charging point and otherwise deter-
mines the current position is a private charging point,
and the charging point registering unit registers public
charging points in a registry of public charging points
and separately registers private charging points in a reg-
istry of private charging points.

5. The in-vehicle navigation apparatus according to claim

15

wherein the vehicle is an electric vehicle; and

wherein the charging point determining unit is configured
to compare the current state of charge of the vehicle with
aprevious state of charge of the vehicle to determine that
acurrent position is the charging point if the current state
of charge is greater than the previous state of charge by
at least a certain threshold.

6. The in-vehicle navigation apparatus according to claim

55

wherein the charging point determining unit is further con-
figured to determine a charging rate of the charging point
by comparing the current state of charge with the previ-
ous state of charge and taking into account time passed
between the current state of charge and the previous state
of charge.

7. A computer program product embodied on computer-
readable media, the media comprising computer-readable
instructions, the instructions operable to cause one or more
processors to perform operations comprising:
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detecting a current position of a vehicle;
determining whether the current position is a fueling point
on the basis of fueling information of the vehicle;
determining if the fueling point was not previously regis-
tered in a fueling point register associated with map data
of the vehicle;
registering the current position as the fueling point in the
fueling point register associated with the map data if the
current position is determined to be the fueling pointand
the fueling point is determined to not have been previ-
ously registered;
determining if the fueling point is to be categorized as
being public or private, wherein the fueling point is
categorized as being public instead of being private if the
current position is associated with a public location in
map data and the current position is determined to be the
fueling point; and
transmitting the current position to a server computer if the
current position is determined to be categorized as being
public.
8. The computer program product of claim 7, wherein the
fueling point is an electric charging point for electric vehicles.
9. The computer program product of claim 7, wherein the
operation of determining whether the current position is the
fueling point comprises:
determining whether the vehicle has had an increase in
fuel;
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determining that if the vehicle has had an increase in fuel
the current position is the fueling point.
10. The computer program product of claim 7, wherein:
registering the current position as the fueling point in the
fueling point register associated with the map data com-
prises:
registering the current position in a table of public fuel-
ing points if the current position is a public fueling
point; and
registering the current position in a table of private fuel-
ing points if the current position is a private fueling
point.
11. The computer program product of claim 7 wherein the
operations further comprise:
registering fueling points received from the server com-
puter.
12. The computer program product of claim 7, wherein:
the vehicle is an electric vehicle; and
the operations further comprise:
comparing the current state of charge of the vehicle with
a previous state of charge of the vehicle to determine
that the current position is the fueling point if the
current state of charge is greater than the previous
state of charge by at least a certain threshold.
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